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RSWLPL]DWLRQRIPXOWLSOHSHUIRUPDQFH FKDUDFWHULVWLFV LV VWLOO DQ DUHDRI UHVHDUFK ,Q WKLV SDSHU7DJXFKLPHWKRG LV
LQWHJUDWHGZLWKIX]]\ORJLFWRKDQGOHPXOWLSOHUHVSRQVHVWKDWDUHVXUIDFHURXJKQHVVDQGPDWHULDOUHPRYDOUDWH 7KH
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7KHFRPSXWHUQXPHULFDOO\FRQWUROOHGPDFKLQHV DUHZLGHO\XVHGLQLQGXVWULHV IXOO\FRQWUROOHGZLWKPLQLPXPKXPDQ
LQWHUYHQWLRQ WR LQFUHDVH WKH SURGXFWLYLW\ DQG LPSURYH WKH TXDOLW\ RI PDFKLQHG SDUWV $PRQJ WKH RWKHU PLOOLQJ
WHFKQLTXHVHQGPLOOLQJLVRQHRIWKHYLWDORSHUDWLRQVIRUREWDLQLQJWKHJURXQGILQLVK
0DFKLQLQJSDUDPHWHUVHOHFWLRQ
,QWKLVSDSHU9HUWLFDO0LOOLQJ&HQWUH 0DNLQR6 LVXVHGIRUH[SHULPHQWDWLRQ7KHPPGLDPHWHUHQGPLOOLQJ
FXWWHURI,VFDUPDNHZDVXVHGIRUPDFKLQLQJ7KHPDFKLQLQJSDUDPHWHUVZHUHVHOHFWHGRQWKHEDVLVRIYDULRXVWULDO
UXQVE\FKHFNLQJ WKHLUHIIHFW RQ6XUIDFH5RXJKQHVV ,QLWLDOO\ WKHSDUDPHWHUVFRQVLGHUHG IRUH[SHULPHQWDWLRQZHUH
VSHHG IHHGGHSWKRIFXWQRVHUDGLXVDQGFRRODQW2Q2IIFRQGLWLRQ ,QHDFK WULDOH[SHULPHQW/ RUWKRJRQDODUUD\
)LJXUHD([SHULPHQWDOVHWXSE0HDVXUHPHQWRI6XUIDFHURXJKQHVV
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RUWKRJRQDODUUD\ZDVSUHSDUHGIRUSDUDPHWHUFRPELQDWLRQVRIVSHHGIHHGDQGGHSWKRIFXWZLWKFRRODQWRQFRQVWDQW
IRU ILUVW/ RUWKRJRQDODUUD\ DQGFRRODQWRIIFRQVWDQW IRU VHFRQG/ RUWKRJRQDODUUD\7KHH[SHULPHQWDOYDOXHVRI
VXUIDFHURXJKQHVVIURPERWKWKHFDVHVIRUHDFKFRUUHVSRQGLQJVHWWLQJZHUHDOPRVWVDPH7KLVPD\EHEHFDXVHWKH
VXUIDFHURXJKQHVVDOVRGHSHQGVRQWKHW\SHRIPDWHULDO+HQFHWKHFRRODQWRQRIIFRQGLWLRQZDVQRWFRQVLGHUHGDVD
IDFWRUDQGFRRODQWZDVNHSWRQIRUILQDOPDFKLQLQJWRPLQLPL]HWKHWRROZHDU,QWKHQH[WWULDOH[SHULPHQWWKHQRVH
UDGLXVZDV LQWURGXFHGDVD IDFWRUDQG WKHVDPHSURFHGXUHZDVUHSHDWHGDV LQ WKHILUVWH[SHULPHQW6DQGYLN LQVHUWV
KDYLQJQRVH UDGLLPP 5730PP5730DQGPP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VSHHG 7KH WULDOV ZHUH WDNHQ IRU WKH VSHHG UDQJH RI  USP WR  USP E\ UHSHDWLQJ WKH VDPH DERYH
SURFHGXUHDQGLWZDVIRXQGWKDWWKHUDQJHRIUSPWRUSPJDYHPLQLPXPVXUIDFHURXJKQHVVZLWKVRPH
YDULDWLRQ7KHGHSWKRIFXWDQGIHHGZHUHGHFLGHGRQWKHEDVLVRIWKHRSHUDWRU¶VH[SHULHQFHIRUPLQLPXPURXJKQHVV
7KHLQLWLDOPDFKLQLQJSDUDPHWHUV XVHGE\RSHUDWRUVIRUPDFKLQLQJ $OXPLQLXPDOOR\VZHUHDVIROORZVVSHHG
USP IHHGPPWRRWK GHSWK RI FXWPP QRVH UDGLXVPP 7KHPDFKLQLQJ SDUDPHWHUV DQG OHYHOV DUH
VKRZQLQ7DEOH
 0DFKLQLQJSHUIRUPDQFHHYDOXDWLRQ
7KHPDFKLQLQJSHUIRUPDQFHVFRQVLGHUHGLQWKLVSDSHUDUH0DWHULDOUHPRYDOUDWHDQG6XUIDFH URXJKQHVV0LWXWR\R
VXUIDFHURXJKQHVVWHVWHU6XUIWHVW6- VHULHVLVXVHGWRPHDVXUH5DYDOXHVRIVXUIDFHURXJKQHVV7KHPDWHULDO
UHPRYDOUDWHFDQEHFRPSXWHGE\IROORZLQJH[SUHVVLRQ
055 Q1IDS DH 
:KHUHQLVVSLQGOHVSHHGLQUSP1LVWKHQXPEHURIWRRWKILVIHHGUDWHLQPPWRRWKDS LVZLGWKRIFXWDQGDH LV
WKHGHSWKRIFXW
7DEOH0DFKLQLQJSDUDPHWHUVDQGOHYHOV
6\PERO 3DUDPHWHUV /HYHO /HYHO /HYHO
$ 6SHHGUSP   
% )HHGPPWRRWK   
& 'HSWKRIFXWPP   
' 1RVHUDGLXVPP   
 0DWHULDOVSHFLILFDWLRQ
$ZURXJKWSODWHRI$O7KLJKVWUHQJWKDOXPLQLXP$OOR\ZDVXVHGIRUH[SHULPHQWDWLRQZLWKOHQJWKPP
ZLGWKPPDQGWKLFNQHVVPP 7KHFKHPLFDOFRPSRVLWLRQRIWKHPDWHULDOLVVKRZQLQ 7DEOH 
7DEOH&KHPLFDO&RPSRVLWLRQ
&KHPLFDO&RPSRVLWLRQ ZHLJKW
$O =Q Ƶ ƌ ^ŝ DŐ DŶ &Ğ dŝ
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 2SWLPL]DWLRQRIPDFKLQLQJSDUDPHWHUV
,QWKLVSDUWWKHLQWHJUDWHG7DJXFKL ±)X]]\ORJLFLVXVHGWRGHWHUPLQHWKHRSWLPDOSURFHVVSDUDPHWHUVRI&1&
PDFKLQLQJIRURSWLPDOURXJKQHVVDQGPDWHULDOUHPRYDOUDWHDVUHVSRQVHV
 6HOHFWLRQRIRUWKRJRQDODUUD\
6HOHFWLRQ RI SURSHU RUWKRJRQDO DUUD\ GHSHQGV RQ WKH FRPSXWDWLRQ RI WRWDO GHJUHH RI IUHHGRP 7KH QXPEHU RI
FRPSDULVRQVPDGHEHWZHHQWKHOHYHOVWRNQRZZKLFKOHYHOLVEHWWHULVFDOOHGGHJUHHRIIUHHGRP)RUH[DPSOHDWKUHH
OHYHOSURFHVVSDUDPHWHUFDQEHFRPSDUHGZLWKWZRRWKHUOHYHOVKHQFHWKHGHJUHHRIIUHHGRPLVWZR7KHUHDUHIRXU
SURFHVVSDUDPHWHUVFRQVLGHUHGIRUHQGPLOOLQJRSHUDWLRQDQGHDFKSDUDPHWHULVRIWKUHHOHYHOVKHQFHWKHWRWDOGHJUHH
RI IUHHGRPLV7KHVHOHFWHGRUWKRJRQDODUUD\VKRXOGKDYHDGHJUHHRI IUHHGRPJUHDWHU WKDQRUHTXDO WR WKRVHRI
SURFHVVSDUDPHWHUV,QWKLVVWXG\/ RUWKRJRQDODUUD\LVVHOHFWHGDVWKHGHJUHHRIIUHHGRPRI/LHLVJUHDWHU
WKDQWKHWRWDOGHJUHHRIIUHHGRPRISURFHVVSDUDPHWHUV/ RUWKRJRQDODUUD\KDVFROXPQVDQGURZVDQGLWFDQ
KDQGOH WKLUWHHQ WKUHH OHYHO SURFHVV SDUDPHWHUV 7KH 7DJXFKL RUWKRJRQDO DUUD\ JLYHV WKH EHWWHU FRPELQDWLRQ RI
H[SHULPHQWDOUXQVDQGUHGXFHVWKHQXPEHURIUXQVKHQFHPDNLQJWKHH[SHULPHQWDWLRQIHDVLEOH7KHFRPELQDWLRQRI
WKHSURFHVVSDUDPHWHUVXVLQJ/ LVJLYHQLQ7DEOH
7DEOH([SHULPHQWDOOD\RXW DQGUHVSRQVHV
1R 6SHHG
USP
)HHG
PPWRRWK
'HSWK
2I&XWPP
1RVH5DGLXV
PP
5DP 055
PPPLQ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 6LJQDOWRQRLVHUDWLR
7KH61UDWLRLVWKHUDWLRRIVL]HRIVLJQDOIDFWRUHIIHFWWRWKHVL]HRIHUURUIDFWRU HIIHFW 7KH61UDWLRFRQVROLGDWHV
VHYHUDOUHSHDWHGRXWSXWUHVSRQVHVLQWRDVLQJOHYDOXHZKLFKUHIOHFWV WKH DPRXQWRIYDULDWLRQSUHVHQW7KH61UDWLR
PHDVXUHVWKHVHQVLWLYLW\RITXDOLW\FKDUDFWHULVWLFWRH[WHUQDOQRLVHIDFWRUZKLFKLVQRWXQGHUFRQWURO7KHKLJKHVW61
UDWLRLPSOLHVWKHOHDVWVHQVLWLYLW\RIRXWSXWUHVSRQVHWRQRLVHIDFWRUV2QWKHEDVLVRIFKDUDFWHULVWLFWKUHH61UDWLRV
DUH DYDLODEOH QDPHO\ ORZHUWKHEHWWHU KLJKHUWKHEHWWHU DQG QRPLQDOWKHEHWWHU ,Q WKLV SDSHU ORZHUWKHEHWWHU IRU
PLQLPL]LQJVXUIDFHURXJKQHVVDQGKLJKHUWKHEHWWHUIRUPD[LPL]LQJPDWHULDOUHPRYDOUDWHDUH XVHG
7KHORZHUWKHEHWWHUSHUIRUPDQFH FKDUDFWHULVWLFLVH[SUHVVHGDV
61/% ORJ^\\«\QQ` 
7KHKLJKHUWKHEHWWHUSHUIRUPDQFHFKDUDFWHULVWLFLVH[SUHVVHGDV
61+% ORJ^\\«\QQ` 
:KHUHQLVWKHQXPEHURIUHSHWLWLRQV RIRXWSXWUHVSRQVHLQWKHVDPHWULDODQG\LV WKHUHVSRQVH
)X]]\ORJLFXQLW
7KH WKHRU\ RI IX]]\ ORJLF XQLW DSSOLHV IRU D GRPDLQ LQ ZKLFK GHVFULSWLRQ RI REVHUYDWLRQV KDYH QR ZHOOGHILQHG
ERXQGDULHVRIVHWRIREVHUYDWLRQ $IX]]\ORJLFXQLWFRPSULVHVRIDIX]]LILHUDIX]]\UXOHEDVHDQ LQIHUHQFHHQJLQH
DQGDGHIX]]LILHU7KHIX]]LILHUFRQYHUWVWKHFULVSLQSXWVLQWRWKHIX]]\VHWVE\XVLQJWKHPHPEHUVKLSIXQFWLRQ7KH
IX]]\LQIHUHQFHHQJLQHSHUIRUPVIX]]\UHDVRQLQJRQIX]]\UXOHVWRJHQHUDWHIX]]\YDOXHV7KHQWKHVHIX]]\YDOXHV
DUHFRQYHUWHGLQWRFULVSRXWSXWE\GHIX]]LILHU
$PHPEHUVKLS IXQFWLRQ LV D FXUYH WKDW DVVLJQV PHPEHUVKLS YDOXHV WR WKH FULVS LQSXWV 7KH 61 UDWLRV RI055
61055DQG61 UDWLRVRI VXUIDFH URXJKQHVV 6165 DUH WKH WZR LQSXWV WR WKH IX]]\ ORJLF V\VWHP 7KH IX]]LILHU
DVVLJQVPHPEHUVKLSYDOXHVWRWKHWZRLQSXWVE\XVLQJWUDSH]RLGDOPHPEHUVKLSIXQFWLRQ,QWKLVSDSHU WKUHHIX]]\
VXEVHWV DUH DVVLJQHG WR HDFK WZR LQSXWV )LJXUH D DQG)LJXUH E DQG ILYH IX]]\ VXEVHWV DUH DVVLJQHG WR RXWSXW
)LJXUH F7KHIX]]\UXOH EDVHFRQVLVWRID JURXSRILIWKHQFRQWUROUXOHV
x 5XOHLI6165 LVVPDOODQG61055 LVVPDOOWKHQ\LVYHU\VPDOOHOVH
x 5XOHLI6165 LVVPDOODQG61055 LVPHGLXPWKHQ\LVVPDOOHOVH
x «««««««««««««««««««««««««««««««««««««««
x «««««««««««««««««««««««««««««««««««««««
x 5XOH LI6165 LVODUJHDQG61055 LVODUJHWKHQ\LVYHU\ODUJH
,Q WKLV ZD\ QLQH UXOHV DUH GHULYHG2QFH WKH IX]]\ UXOHV DUH GHULYHG IX]]\ UHDVRQLQJ RI WKHVH UXOHV E\ LQIHUHQFH
HQJLQH\LHOGVIX]]\RXWSXW/HW&L EHWKHIX]]\VXEVHWVRIRXWSXW7KHQWKHPHPEHUVKLSIXQFWLRQ  \F LLP RIRXWSXW
RIIX]]\UHDVRQLQJLVH[SUHVVHGDV

DUJDUJDUJ  \1616\1616\F LHYHU\O055HO65HOLYHU\VPDOO055VPDOO65VPDOOLL PPPPPPP //// 

ZKHUH Ꮙ LVWKHPLQLPXPRSHUDWLRQDQG9LVWKHPD[LPXPRSHUDWLRQ
8VLQJ WKH FHQWUHRIJUDYLW\PHWKRGDVWKHGHIX]]LILFDWLRQ PHWKRGWKHIX]]\ YDOXHVDUHFRQYHUWHGLQWRFULVSRXWSXWV
¦
¦
 


\F
\F\\
LL
LLL
L P
P 
7KH\LHOGHGYDOXH \M LVWKHFULVSRXWSXWDQGWKLVRXWSXWLVFDOOHG0XOWL5HVSRQVH3HUIRUPDQFHLQGH[053,
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0HPEHUVKLSIXQFWLRQIRU61UDWLRRI055
F0HPEHUVKLSIXQFWLRQIRU61UDWLRRI053,
7DEOH 61UDWLRVRIUHVSRQVHV
6U1R 61)RU
65GE
61UDWLR
IRU055GE
053,
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053, JLYHV DQ LGHD RI VLPXOWDQHRXV SHUIRUPDQFH RIPXOWLSOH UHVSRQVHV WRJHWKHU 7KH ODUJHU WKH YDOXH RI053,
EHWWHU LV WKH PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLF 7KH HIIHFW RI HDFK SDUDPHWHU RQ 053, FDQ EH VHSDUDWHG DW
GLIIHUHQWOHYHODVWKHH[SHULPHQWDOVFKHPHLVEDVHGRQ7DJXFKLRUWKRJRQDODUUD\)RUH[DPSOH WKHPHDQ053,IRU
VSHHGDWOHYHOFDQ EHFDOFXODWHGE\DYHUDJLQJWKH053,IRUH[SHULPHQWV IURP7DEOH,QWKLVZD\PHDQ053,
IRU DOO WKH OHYHOV RI RWKHU SDUDPHWHUV FDQ EH FDOFXODWHG DQG LV VKRZQ LQ 7DEOH 7KH RSWLPDO OHYHO RI SURFHVV
SDUDPHWHULVVHOHFWHGIURP WKH7DEOH 7KHOHYHOKDYLQJ WKH PD[LPXPYDOXHRI053,LVVHOHFWHGDVWKHRSWLPDOOHYHO
IURPHDFK SDUDPHWHU+HQFHWKHRSWLPDOSDUDPHWHUOHYHOVDUH$%&'
7DEOH053,WDEOH
6\PERO 0DFKLQLQJ
3DUDPHWHUV
053,
/HYHO /HYHO /HYHO 0D[0LQ
$ 6SHHG    
% )HHG    
& 'HSWKRI&XW    
' 1RVH5DGLXV    
0HDQ9DOXHRI053, 
7KHHIIHFWRIOHYHOVRQ053,FDQEHPRUHSURSHUO\VKRZQLQWKHPHDQRI053,UHVSRQVHJUDSK VKRZQLQ)LJXUH D
7KLVJUDSKVKRZVWKHFKDQJHLQ053,DVWKHOHYHOFKDQJHVLQHDFKSDUDPHWHU
 $QDO\VLVRI9DULDQFH
7KHREMHFWLYHRI$129$LVWRDQDO\VHWKHH[WHQWWRZKLFKYDULRXVSDUDPHWHUVDIIHFWWKHUHVSRQVHYDULDEOHV,QWKLV
SDSHU$129$VHSDUDWHVWKHWRWDOYDULDELOLW\RI053,E\EUHDNLQJWKHP LQWR YDULRXVVXPRIVTXDUHGGHYLDWLRQIRU
GLIIHUHQW VRXUFHV RI YDULDWLRQ OLNH VSHHG IHHG GHSWK RI FXW QRVH UDGLXV LQWHUDFWLRQ EHWZHHQ WKHP DQG RWKHU
XQNQRZQVRXUFHV7KH,QWHUDFWLRQEHWZHHQWKHSDUDPHWHUVLVQHJOHFWHGLQWKLVVWXG\+HQFHWKHWRWDOVXPRIVTXDUHG
GHYLDWLRQLVGHFRPSRVHGLQWRWZRVRXUFHVQDPHO\ VXPRIVTXDUHGGHYLDWLRQ GXHWRHDFKSDUDPHWHUV 66' DQGVXP
RIVTXDUHGHUURU IRUXQNQRZQVRXUFHV66(
667 66'66( 
3HUFHQWDJH FRQWULEXWLRQ LV XVHG WR HYDOXDWH WKH LPSRUWDQFH RI SURFHVV SDUDPHWHUV RQ SHUIRUPDQFH FKDUDFWHULVWLFV
7KH) WHVW FDQDOVR EHXVHG WRGHWHUPLQHZKLFKSDUDPHWHUVKDYHVLJQLILFDQWHIIHFWRQSHUIRUPDQFHFKDUDFWHULVWLFV
7KH7DEOH  LQGLFDWHV WKDW QRVH UDGLXV DQG GHSWK RI FXW DUH WKH PRVW VLJQLILFDQWPDFKLQLQJ SDUDPHWHUV DIIHFWLQJ
PXOWLSOHSHUIRUPDQFHVFKDUDFWHULVWLFV
)LJXUH D 053,UHVSRQVHJUDSK
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7DEOH$129$
3DUDPHWHU 'HJUHHRI)UHHGRP 6XPRIVTXDUH 0HDQVXPRIVTXDUH )9DOXH &RQWULEXWLRQ
6SHHG     
)HHG     
'HSWKRI&XW     
1RVHUDGLXV     
(UURU   
7RWDO  
 &RQILUPDWLRQWHVW
7KHRSWLPDO OHYHOVRISURFHVVSDUDPHWHUVIURPWKH7DEOH  DUH $%&'$VRSWLPDOOHYHORISDUDPHWHUVKDVEHHQ
LGHQWLILHG WKH IXUWKHU VWHS LV WR SUHGLFW DQG YHULI\ WKH LPSURYHPHQW RI WKH SHUIRUPDQFH FKDUDFWHULVWLFV XVLQJ WKH
RSWLPDOOHYHORISDUDPHWHUV7KHSUHGLFWHG053,RIRSWLPDOOHYHORISDUDPHWHUVFDQEHFDOFXODWHGXVLQJIROORZLQJ
IRUPXOD
¦
 
 
T
L
3,33 053,053,053,053,
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
:KHUH053,3 LVWKHWRWDOPHDQRIWKH053,053,,LV WKHPHDQRI053,DWRSWLPDOOHYHODQGTLV WKHQXPEHURI
SURFHVV SDUDPHWHUV WKDW VLJQLILFDQWO\ DIIHFW WKHPXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLFV 7DEOH  VKRZV WKH UHVXOW RI
FRQILUPDWLRQH[SHULPHQWVXVLQJWKHRSWLPDOPDFKLQLQJSDUDPHWHUV
7DEOH5HVXOWRIFRQILUPDWLRQWHVW
,QLWLDOPDFKLQLQJSDUDPHWHUV 2SWLPDOPDFKLQLQJSDUDPHWHUV
3UHGLFWLRQ([SHULPHQW
6HWWLQJOHYHO $%&' $%&' $%&'
6XUIDFHURXJKQHVVP  
055PPPLQ  
053,   
,PSURYHPHQWLQ053, 
7DEOH61UDWLRIRULQLWLDODQGRSWLPDOPDFKLQLQJSDUDPHWHUV
61UDWLRRI 6XUIDFHURXJKQHVV 61UDWLRRI 055
,QLWLDOPDFKLQLQJSDUDPHWHUV $%&'  
2SWLPDOPDFKLQLQJSDUDPHWHUV $%&'  
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